INTRODUCTION
Accurate determinations of nitrate ions in sea water have been difficult, especially under shipboard conditions. The colorimetric method described by Harvey (1926, 1930) and improved by Cooper (1932) , Zwicker & Robinson (1944) , and others uses strychnidine in concentrated sulphuric acid to produce a red colour. The reagent lacks reliable sensitivity, because it is dependent on the rates of mixing and cooling.
In a method by Armstrong (1963) , the absorbance of nitrosyl chloride in the UV region is measured with a spectrophotometer. While the method is good for small samples containing high concentrations of nitrate, the use of concentrated sulphuric acid and lack of sensitivity limit its use in routine analysis.
A method in which nitrate is quantitatively reduced to nitrite would be advantageous, because nitrite can be readily determined by the sensitive diazotization method proposed by Griess (1879) . Several such methods have been proposed. F0yn (1951) , Vatova (1956) , and Chow & Johnstone (1962) used zinc powder for the reduction, but the reduction is sensitive to temperature, and it is necessary to centrifuge or filter each sample. The reduction is not very reproducible and only [85] [86] [87] [88] [89] [90] % of the nitrate is reduced to nitrite (Morris & Riley, 1963) . Mullin & Riley (1955) used hydrazine, in the presence of cupric ion as a catalyst, to reduce nitrate to nitrite. This method, as modified by Austin & Strickland (1959) , requires 24 h at constant temperature for the reduction and is erratic, especially when used at sea, and unreliable in the presence of high nitrite concentrations (Morris & Riley, 1963) .
The use of cadmium as the reducing agent was suggested by Potzl & Reiter (1960) and has proved to have advantages in the routine analysis of nitrate in sea water. The method of Morris & Riley (1963) reproducibly reduces 9I ± I % of the nitrate to nitrite when samples are percolated through a column of amalgamated cadmium filings. The method has negligible salt error, minimal temperature effect, and there are no interfering ions in open sea water. The column decreases in efficiency with use because of the formation of Cd(OH)2 (and possibly CdC03). Grasshoff (1964) modified the method of Morris & Riley (1963) by lengthening the reducing column and treating the metal with an alkaline ammonium chloride solution to complex the oxidized CdH ion, thus prolonging the life of the column. The procedure was further refined by Strickland & Parsons (1965, pp. 73-8) by replacing the ammonium chloride with the tetrasodium salt of ethylenediaminetetraacetic acid, EDT A, for the column conditioner. They also suggested washing the cadmium filings with nitric acid before amalgamation. This appears to pit the Cd, providing greater surface area.
The method described below uses copper as the cathode rather than mercury in the reproducible, nearly quantitative reduction of nitrate to nitrite. EDT A is used to complex the cadmium ion. The determination of nitrite is made with reagents suggested by Shinn (1941) . The nitrite ion is diazotized with sulphanilamide, then coupled with N-(1-naphthyl)-ethylenediamine to produce a deep red colour, as described by Bendschneider & Robinson (1952) .
APPARATUS
The column (Fig. I ) is like that described by Morris & Riley (1963) , in that the discharge tip and the top of the cadmium filling are at the same height, which prevents the column from running dry. This precaution is essential, because exposure to air quickly decreases the efficiency of the column.
A Teflon stopcock equipped with a metering valve was suggested by Mr Nathaniel Corwin (personal communication) for better control of the rate of flow.
Best results were obtained using 25 cm of copperized cadmium in a column with an 8 mm bore (Table I ). Reduction of the column diameter gave erratic results.
An arbitrary length of about 10 cm between the bottom of the reservoir and the discharge tip was used to maintain a nearly uniform flow into a graduated container. A stoppered 50 m!. graduated test-tube or stoppered baseless graduated cylinder was used for each sample.
A compact unit of four columns has been placed on a portable rack on 10-12 cm centres and used both on shipboard and in the laboratory. Dissolve 5 g sulphanilamide in a solution of 50 ml. of 12 N-HCl and 300 ml. of distilled water, then dilute to 500 ml. with distilled water. This solution is stable for several months.
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N-(l-naphthyl)-ethylendiaminedihydrochloride
solution. Dissolve 0'50 g of the dihydrocWoride in distilled water and dilute to 500 m1. This solution is stable for at least I month if filtered (Whatman no. 42) and then stored in an amber bottle.
Nitrate standard (I mI. = 5,ug-at.). Dissolve 0'1264 g KNOa (dried for I h at 110°C) in distilled water and dilute to 250 m1. Add two drops· of cWoroform as a preservative. The solution is stable for many months if stored in a dark, tightly stoppered glass bottle. 
METHODS
Preparation of columns
(I) Coarse cadmium filings are prepared from stick cadmium by placing a stick in a lathe and rasping it with a half-round rasp. The filings are of nearly uniform size, but they may be sifted to obtain the fraction retained on a 0' 5 mm screen but passing through a 2 mm screen. Drawing a magnet through the filings eliminates most of the iron contamination.
(2) Approximately 40 g per column of the cadmium filings are washed with 2 N-HCl in a separatory funnel, then rinsed thorougWy with distilled water. This is followed by washing with 0'3 N-HNOa, rinsing with distilled water, and then washing with 2 N-HCl to remove the NO~ion. A thorough rinsing with distilled water follows.
(3) The cadmium is treated with approximately 100 m1. of the copper sulphate solution per 40 g of filings in a special washing bottle (Fig. 2) . It is well shaken and then flushed with distilled water, preventing the copperized cadmium from being exposed to air.
(4) A small plug of Pyrex glass-wool is placed in the bottom of the column, which DETERMINATION OF NITRATE 27 is then filled with distilled water. The copperized cadmium is introduced slowly by inverting the copperizing vessel into the column reservoir and tapping the column during the process to settle the cadmium. (This is important if the column is to be used aboard ship or subjected to vibration, because the cadmium will settle during use). Do not fill the column above the level of the discharge tip, a safety feature to prevent the column from running dry.
(5) Some copper and fine cadmium settle out on top of the cadmium column and are removed by suction. A small Pyrex glass-wool plug is placed on top of the cadmium to act as a filter and is replaced when necessary. (2) Any excess sample or wash solution is removed from the column reservoir with suction to about 0'5 cm above the cadmium. A 3-4 ml. portion of the sample is added to the column reservoir to rinse out the previous sample: 1-2 ml. are allowed to drain through the column before removing the remainder with suction. The remainder of the sample is then added to the reservoir, and the graduated cylinder is placed under the column discharge tip.
(3) The optimum flow rate, about 6 ml./min (I drop/sec) at the 50 ml.level (Table 2 ) is set with the metering valve. Several 5 ml. portions of the sample are passed through the column and used to rinse the collecting cylinder until a total of 20 ml. have been discarded, then the next 15 ml. of the reduced sample are collected. The 15 ml. sample is diluted to 30 ml. with distilled water. If nitrate concentrations are less than about ro p,g-at./l. NO;; -N, 30 ml. of sample should be collected and not diluted. slit width of 0'04 mm, in a I cm cell.
(5) At the end of a run, rinse the walls of the column reservoir with column wash solution to prevent the accumulation of salt.
Standardization
The columns achieve a nearly constant reduction of 99 ± I %. However, occasionally a column showed a slight unexplained decrease in efficiency. The reduction efficiency, E, was determined by comparing the corrected absorbance, A" of a nitrite standard with the corrected absorbance of a reduced nitrate standard of the same concentration,
Ac,NO,-
Most of the columns we have used have shown a slight increase in efficiency during 4 months of use.
Blanks and standards for each column should accompany each day's samples.
Blank. 1'00 ml. of the EDT A solution is added to 50 ml. of 0'0015 N-HCI and the solution mixed and carried through the complete procedure.The measured absorbance
in a I cm cell should not exceed o·oro.
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Calibration. For four columns, 500 ml. of filtered sea water oflow nitrate concentration are needed. A standard nitrate solution (1'00 ml.) is placed in a 250 ml. graduated flask and made to the mark with sea water. Distilled water (1'00 ml.) is put ina second flask and also made to the mark with sea water: 50 ml. portions from each flask are treated with EDT A and carried through the procedure. The difference in absorbance, for each column, between the samples to which nitrate was and was not added corresponds to a difference in nitrate concentrations of 20'0 ,ltg-at./l. NOg --N. Since the relationship between absorbance and concentration is linear, a factor, f, may be calculated,
where Ssw +20 is the absorbance of the sample with added nitrate, and Asw is that of the sample without added nitrate.
For a 15 ml. reduced sample diluted to 30 ml., f is approximately 42 in I cm cells and about 2'2 for IO cm cells and an undiluted sample.
Some nitrite is reduced during the process. This amounts to about I % when nitrite samples are run through the column. If high concentrations of nitrite are present, a correction factor of 0'99 should be applied to the nitrite concentration CN02' The nitrate concentration of the sample is calculated using the equation
where Ac is the sample absorbance corrected for the blank and f defined in equation 2).
DISCUSSION
In a neutral or basic solution, the reduction of nitrate proceeds according to equation (4) (Grasshoff, 1964) :
NOg +H20+2e--+ N02 +20H-, and the oxidation of cadmium by equation (5):
It is suggested that the reduction of nitrate to nitrite in the present method proceeds according to the equation NOg + Cd + EDT A-4 + H20 -+ N02 + Cd(EDT A)-2 + 20H-.
The pH of a sea-water sample increases by 0'5 to nearly 1'0 pH units (depending on the concentration ofNOg ions) during the reduction, suggesting the above mechanism. The minus 4 and minus 2 charges for the EDT A ions are approximate values, because incomplete dissociation takes place. The dissociation of tetrasodium EDT A increases with pH while the dissociation of the Cd-EDT A compound decreases with increased pH (Flaschka, 1959, p. 138 ).
This method is accurate for nitrate concentrations from 0'05 to 60 ltg-at. II., the concentration range of nitrate normally found in sea water. The concentration levels and standard deviations for ten samples at each level are:
40'00 ± 0'26 ,ug-at.jl. NOs -N} ( .  11) usmg I em ce s 20'00 ± 0'12 ,ug-at.jl. NOs -N ' 1'00 ± 0'04 ,ug-at.jl. NOs -N (using 10 cm cells and no dilution).
The method has been used in the analysis of some 1500 samples at sea. Turbid samples should be well shaken and filtered through membrane filters (0'45,u pore size) before reduction. Significantly lower values were found if the sample was allowed to stand, followed by reduction of the clear decanted water.
A limited number of samples containing up to 60,ug-at.jl. of sulphidesulphur can be analysed with nearly complete recovery of nitrate (Morris & Riley, 1963) . However, repeated use of the columns will inhibit nitrate reduction by the formation of CdS. The sulphide ion can be eliminated before introduction to the column by adding cadmium chloride solution in slight excess of the sulphide concentration.
If sea water is not available, 0'0015 N-HCl is preferable to distilled water for standards and blanks, because the pH, after addition of EDT A, is about the same as for sea water, 8'0-8'2, and the reduction equally efficient.
The copperized-cadmium method of nitrate analysis should be easily adapted for use with the AutoAnalyzer method described by Brewer & Riley (1965) . The increased efficiency, small salt effect, and long life of the reducing agent should increase the accuracy and precision of the AutoAnalyzer method.
